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(54) Mettled and system for the displaying of digital video data using pulse width modulation 



(57) A method for performing pulse width modula- 
tion (PWM) on a binary spatial light modulator using 
spatial-temporal multiplexing. A 10% light boost is 
achieved by eliminating deadtimes that are typically 
generated using the gtobal-reset operation of a DMD 
when bit-planes having small on times are utilized. The 
number of bit-planes required is reduced by using a 
combination of binary and ternary bit-planes to achieve 

FIG, 



grayscale of a displayed digital image. By using a com- 
bination of spatial and temporal processing, digital pixel 
values can be displayed using a reduced number of bit- 
planes, without generating perceived artifacts such as 
pulsing due to pixels being turned on-off from frame to 
frame. 
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Description 

FIELD OF THE INVENTION 

5 The present invention relates generally to digital video display systems, and more particularly to digital video dis- 

play systems utilizing bit*planes for performing pulse width modulation to display digital video data. 

BACKGROUND OF THE INVENTION 

10 Binary spatial light modulators are typically comprised of an array of elements each having two states, on and off. 
The use of pulse width modulation (PWM) is one conventional approach of digitally displaying inoonrung analog video 
data, as compared to an analog display such as a cathode ray tube (CRT) based system. PWM typically comprises 
dividing a frame of incoming video data into weighted segments. For example, for a system that samples the luminance 
component of incoming video data in 8-bit samples, the video frame time is divided up into 255 time segments or pixel 

15 values (2^-1). Conventionally, the 8-bit samples are formatted wKh binary values. The most significant bit (MSB) data is 
displayed on a given element for 128 time segments. In the present example, the next MSB has a time period of 64 time 
segments, and so on. such that the next bits have weights of 32. 16. 8, 4, 2 and 1 time segments, consecutively. Thus, 
the least significant bit (LSB) has only one time segment. All pixel values are comprised of a summation of these 
weighted bits. 

20 In DMD display systems, such as disclosed in commonly assigned U.S. Patent 5,278.652 entitled "DMD Architec- 

ture and Timing for Use in a Pulse-Width Modulated Display System", the teachings of which are incorporated herein 
by reference, light intensity for each pixel is typically displayed as a linear function of the pixel digital codes. For an 84Dit 
binary code, 0 is no light, 255 is peak light, and 128 is midscale light. Codes between 0 and 255 fomri a grayscale in 
each color. This grayscale sets the image resolution for the system by defining the numk>er off discrete levels of light that 

25 can be produced for each color; (i.e. red. green and blue). 

Pulse width modulation (PWM) schemes for controlling the mirrors conventionally modulate the minrors with time 
periods being powers of two. For exanrple, 20 ^is. 40 ps. 80 ^is, 160 |is, 320 jis. 640 ns. 1 280 ns. and 2,560 mS are used 
to define the minror on-times for the 8 bit-planes needed for 8-bit video where 5.5 ms is available per color of light being 
modulated. 

30 Light is transmitted to the image plane, such as a display screen, as black for the bitiDlane of a pixel which is togic 
0 or at full brightness during a bit-plane which equals logic 1 . Since the on-times for bit-planes vary, this results in PWM 
over a frame period. The viewer's eyes integrate the on-times of modulated light so that gray levels are perceived. 

A typical DMD has a memory cell under each mirror that contains the bit-plane of data to be applied to that mirror. 
In every vkleo frame, each bit-plane of data is first loaded into the memory cells of the DMD, one bit-plane at a time. 

35 and then the bitislane data in the memory cells under the mirrors are globally applied to all associated mirrors at the 
same time. This global application of data to ail mirrors at the same time is called "glol>al-reset" operation of a DMD. A 
DMD loaded and operated in a global-reset mode requires that all DMD memory cells be loaded before data is globally 
applied to the mirrors. In the case of bit-planes representing LSBs with short on-times. data is successfully applied to 
the min-ors and displayed, but then all the mirrors are reset to the off-state prior to a new bit-plane being completely 

40 loaded into the memory cells of the DMD. This is because a new bit-plane load can not completely take place in the 
background while displaying the short bit on-times. All memory cells must be cleared (via a high speed parallel dear of 
all memory cells) prior to the end of the short bit on-times. The clearing of the entire memory is needed so that all mir- 
rors can be turned off globally to terminate the short on-times. However, the mirrors can not be turned back on until the 
DMD is fully loaded with a new bit-plane of data. This results in "deadtime" after displaying any LSB bit-planes with on- 

45 times less than the DMD bit-plane data load time. 

Rgure 1 shows an example of light loss due to deadtimes after the lower weighted bit-planes are displayed. For 
example, consider bit-plane B3. 83 has an on-time of 160 ^is. but the DMD load time is 200 ns. and thus another bit- 
plane can not be loaded in the background while bit plane B3 is being displayed. Thus, the DMD will have all mirrors off 
for 200 \is after each 160 ^s on-time for bit-plane B3 to load a split B7 bit-plane, creating the deadtime and conse- 

so quently a significant light loss. 

Thus, any time a bit-plane on-time is less than the DMD load time. (i.e. BO. B1 , 82 and B3). a 200 ps deadtime will 
result after that bit-plane is displayed on the DMD. where only two deadtimes can be hidden behind spokes of the color- 
wheel in one DMD system. This results in lost light on the display screen since all mirrors are turned off during this 
deadtime. 

55 The following is an example of the total light loss for an 8-bit color sequential DMD system, using a 6 segment color 
wheel with 2 segments each of red. green and blue (RGB); 
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Bit 


Deadtime (per color) 


5 


B7 


0 




B6 


0 




B5 


0 


10 


B4 


0 




B3 


200 




B2 


0 (200 MS hidden behind spoke 1) 




B1 


200 |iS 


15 


BO 


0 (200 MS hidden behind spoke 2) ; 



For a 6-segnfient RGB color wheel, 3X (200 ps X 2) = 1200 ms off deadtime exists during each 16.67 nns video frame. 
(The two other deadtimes, for bit-plane BO and B2 for each color will be hidden in the color wheel spokes, thus, no light 
so IS fost due to these bits due to short load times). When including spoke losses, the effective video frame is typicaDy 
12.33 ms. The equation for determining the total lost light is then : 

100-(( 12.33ms - 1 .2 ms) X 100) / 12.33ms = ~ 10% light loss 

25 There is a need to provide a means to regain this lost light while using the global-reset approach. The present 
invention seeks to eliminate all the deadtimes not hidden by spokes, and increase lumens to the display screen. The 
present invention also sets forth to reduce the number of bit-planes required for displaying the digital video data, without 
sacrificing the total number of grayshades per color. 

30 SUMMARY OF THE INVENTION 

The present invention achieves technical advantages as a method of displaying digital video data using pulse width 
modulation by using spatial-temporal multiplexing of two bit-planes. One bit-plane Is elintinated, and two other bit- 
planes are re-weighted to maintain, for instance, 8-bits of resolution per color while using only 7 bit-planes. One dead- 
35 time is eliminated since one of the lower-weighted bit-planes is eliminated, and another deadtime is eliminated because 
another shorter bit-plane weight is increased suffrciently that no DMD memory clear function is needed to show the 
short bit on-time. 

In a first preferred embodiment, the lowest weighted bit-plane BO is eliminated, and the bit-plane 82 is increased 
and reweighted from 4 to 6. In a second preferred embodiment, the second lowest weighted bit-plane 81 is eliminated. 

40 and the bit-plane 83 is reweighted from 8 to 12. In both preferred approaches, digital logic is applied to two of the 
processing bits for each pixel prior to formatting the incoming video data into the displayed bitislanes. Spatial-temporal 
multiplexing is performed on the two bits to achieve grayscales of the incoming video data. Each of these two bits are 
ternary. A two-frame spatial -temporal pattern, such as a checkerboard, is used on these bits to avoid spatial and tem- 
poral contouring and to form the grayshades. For a given source pixel value to be displayed, depending on the value. 

45 spatial-temporal multiplexing is performed using two bits over two consecutive video frames. For instance, according to 
the first preferred embodiment of the present invention where the 80 bit-plane is eliminated and the bit-plane 82 is 
reweighted from 4 to 6. a pixel value of 4 is perceived by displaying a pixel value 6 for one frame, and a pixel value of 2 
the next frame, thus providing an average pixel value of 4 over the two consecutive frames. The least significant pixel 
value of 1 is displayed by displaying the pixel value 2 for one frame, and 0 for the next frame, thus providing an average 

so pixel value of 1 for that pixel over two frames. 

According to the second preferred embodiment of the present invention, the bit-plane 81 is eliminated, and the bit- 
plane 83 is reweighted from 8 to 12. A pixel value of 2 is displayed by displaying a pixel value of 4 for one frame, and a 
pixel value of 0 for the next frame, to achieve an average pixel value of 2 over the two frames. Likewise, a pixel value of 
6 is perceived by displaying a pixel value at 1 2 for one frame, and a pixel value of 0 for tiie next frame. Likewise, a pixel 

55 value of 8 is perceived by displaying a pixel value of 12 for the first frame, and a pixel value of 4 for the second frame, 
realizing an average pixel value of 8 over tiie two bit frames. All 256 grayshades are achieved through combinations of 
these 7 bit-planes for a 8-bit resolution system, using tiie spatial-temporal multiplexing when necessary. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will now be further described, by way of example, with reference to the accompanying draw- 
ings in which: 

Figure 1 is a graphical illustration of a conventional loading and display sequence of bit-planes when the load-times 
of bit planes, (i.e. B3 and B1), exceeds the associated display times and creates light loss due to deadtime; 
Figure 2 is an illustration of a first preferred emt>odiment of the present invention whereby the bit-plane BO is elim- 
inated, and the bit-plane B2 is reweighted to a value of 6. whereby some of the pixel values or grayshades are 
achieved using spatial-temporal multiplexing across two frames of displayed video data; 

Figure 3 is an alternative preferred embodiment of the present invention, similar to that of Figure 2. whereby the bit- 
plane 81 is eliminated, and the brt-plane B3 is reweighted from 8 to 12. with some bit-values being achieved using 
spatial-temporal multiplexing over two consecutive displayed video frames; 

Rgure 4 is a block diagram of the present invention including a global-res^ light boost bit processing logic which 
converts the standard bits into a coml)ination of binary and ternary bits, the value of the bits for each pixel being a 
function of the spatial location of the pixel and whether an even frame or an odd frame of video data is being dis- 
played; and 

Rgure 5 is a graphical illustration of loading and displaying bit-planes into the DMD according to one preferred 
embodiment of the present invention which eliminates the two 200 us deadtimes to achieve global light boost of the 
displayed image. 

Referring now to Table 1 , there is shown conventional loading and display of normal bit weight bit-planes on a DMD 
to achieve pulse width modulation (PWM) on incoming analog video data. The MSB bit-plane B7 has a bit weight of 128 
time segments, although it is divided or split into 8 segments, and a LSB bit-plane BO that has a bit weight of 1 time 
segment All bit-planes are binary, that is. based on 2". 

TABLE 1 
NORMAL BIT WEIGHT 
" 128 
64 
32 
16 
8 
4 
2 
1 

Nomial Grayscale 
Sequence: 1. 2, 
2+1. 4, 4+1. 4+2. 4+2+1, 
8, 8+1, etc. 

Referring now to Table 2A, there is shown a first preferred embodiment of the present invention whereby the first 
bit-plane BO is eliminated, and the third bit-plane B2 is reweighted from 4 to 6. 

TABLE 2 A 
GLOBAL BOOST BIT WEIGHT 
128 
64 
32 
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TABLE 2A (continued) 
GLOBAL BOOST BIT WEIGHT 



16 



5 



8 



6 



2 



No Bit 



10 



Global Boost Grayscale Sequence: 2/2, 2, 6/2, 2/2 + 6/2. 6/2 
+ 2. 6. 6+ 2/2. 8, 8 + 2/2, 8 + 2. 8 + 6/2, 8 + 2/2 + 6/2, 8 + 6/2 + 2, 8 

+ 6,8 + 6 + 2/2, 16 

128 + 64 + 32+16 + 8 + 6/2 + 2/2 + 2 + 2/2 



IS 



For 8-bit resolution, only 7 bit-planes are required. Spatial-temporal multiplexing is performed on bits B1 and B2 to 
achieve all 256 pixel values, thus bits B1 and B2 are ternary rather than binary. The global boost grayscale sequence 
is shown in Table 2A whereby, for instance, a digital pixel value of 1 for a particular pixel is achieved by turning on (logic 

20 1) the bit-plane B1 for one frame, and turning off the bit B1 (logic 0) the next frame (2/2), thus providing the average 
pixel value of 1 for that pixel over two consecutive video frames. For instance, a pixel value of 3 is achieved using the 
reweighted ternary bit B2 by dsplaying a pixel value of 6 for one frame, and a pixel value of 0 for the next frame, repre- 
sented as 6/2. to achieve an average pixel value of 3 for that pixel over the two consecutive video frames. There is no 
spatial-temporal multiplexing on the other binary bits, thus, a pixel value of 8, for instance, fs achieved by displaying a 

2s value of 8 both frames, regardless of the spatial location of the pixel. Ail 256 pixel values are displayed using combina- 
tions of the binary and ternary bits, as illustrated. 

Refemng to Figure 2. the spatial-tefnporal multiplexing approach of the present invention is graphically illustrated. 
A checkerboard pattern is utilized for each frame when the temporal approach of using ternary t>its is undertaken to 
spatially take Into account each particular pixel. Other patterns could be utilized in place of the checkerboard if desired. 

30 According to the first prefen-ed approach shown in Table 2A. since the bit-plane BO has been eliminated, a pixel value 
of 1 is achieved for a pixel by using the ternary bits B1 . This is done by either displaying a pixel value of 2 for the first 
frame and a pixel value of 0 for the fdlowing second frame, or displaying a pixel value of 0 during frame 1 and a pixel 
value of 2 during frame 2, This approach provides an average pixel value of 1 over two consecutive video frames. The 
checkert)oard approach takes into account the spatial relationship of the different pixels. By using this checkerboard 

35 approach, wherein a group off pixels are on one frame and off the next, the pulsing of the larger pixel values is not vis- 
ually noticeable by the observer, especially when a large group of adjacent pixels have the same value, which is com- 
mon in graphics. 

Likewise, to display a pixel value of 3, a digital value of 6 is displayed using ternary bit B2 for one frame and dis- 
playing a pixel value of 0 for the same pixel the next frame, or displaying a 0 the first frame and a 6 the next frame, 

40 depending on the spatial orientation of ttie pixel as shown in Rgure 2. This temporal approach is further appreciated by 
understanding how a pixel value of 4 is displayed. Depending on a spatial location of the pixel, either a pixel value of 2 
or 6 is displayed one frame, with the otiier pixel value being displayed the next frame to achieve an average pixel value 
of 4 over the two consecutive video frames. This pixel value of 4 is perceived by the viewer since light is integrated by 
the human eye. In effect, bit B1 and bit B2 have ternary values, with the otiier 5 bits having binary values. The ottier bits 

45 are binary because, for instance, if a 2 value is to be displayed, tine same value of 2 is displayed for that pixel each 
frame, and no averaging over time is performed, regardless of the spatial location of the pixel. 

Referring now to Figure 3. there is shown an alternative preferred enrfoodiment of tiie present invention oon^espond- 
ing to the global boost bit weight shown in Table 2B. 



so 



TABLE 2B 



GLOBAL BOOST BIT WEIGHT 



128 



55 



64 



32 



5 
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TABLE 2B (continued) 
GLOBAL BOOST BIT WEIGHT 



16 



5 



12 



4 



no bit 



1 



70 



Global Boost Grayscale Sequence: 1. 4/2, 4/2+1, 4. 4+1, 
12/2, 12^+1.12/2+4/2. 12^+4/2+1. 12/2+4. 12/2+^^+1. 12. 12+1, 
12+4/2, 12+4/2+1. 16 ....128 + 64+32+16 + 12/2 + 4/2 + 4 + 4/2 
+ 1 
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The t>it-plane B1 is eliminated, and ternary bit-plane B3 is resweighted and increased from 8 to 12. A bit-plane with 
a 12 weight won*t generate a deadtime, which is described further with reference to Figure 5. Here, it can be seen that 
a ckgital pixel value of 6 is achieved by displaying a value of 12 using ternary bit B3 for the first frame, and a value of 0 

20 for the second frame, or alternativety, a value of 0 the first frame, and a value of 12 the second frame. The human eye 
perceives a pixel value of 6 over the two video frames due to the integration of'light by the human eye. Likewise, a digital 
pixel value of 2 is achieved using ternary bit B2 by providing a value of 0 the first frame and a value of 4 the second 
frame, or alternatively, displaying a value of 4 the first frame and 0 the second frame for that particular pixel. A^in. the 
checkeft)oard approach is utilized to minimize any perceived "pUlsing" of pixel values between one value and the next, 

25 frame to frame, for large blocks of adjacent pixels having the same pixel value. 

Irrportantly. when multiple ternary bits are simultaneously displayed to achieve a particular grayshade. the spatial 
phase for the checkerboard patterns can affect image artifacts. It is best to disperse the light energy per unit area, pro- 
duced as a result of the checkertx)ards. as evenly as possible over the relevant display area on the screen. For exam- 
ple, displaying the value of "8" for multiple adjacent pixels, as shown in Figure 3. illustrates this point In any given frame 

30 adjacent pixels have the values of "1 2" and "4" because the checkerboard patterns for the 2 bits are always spatially out 
of phase. If they were not out of phase, adjacent pixels would have the values "1 6" and "0". Since in this case the light 
energy would be less evenly distributed over the display screen, the system would be more susceptible to generating 
image artifacts. 

Still referring to Figure 3. there Is seen that the digital pixel value of 8 is achieved by using ternary bit B3 to display 

35 a value of 12 frame one and the other ternary bit B2 to display a value 4 the next frame for the same pixel, or alterna- 
tively, displaying a value of 4 the first frame using bit B2. and a value of 12 the second frame using bit B3. Again, the 
average pixel value of 8 is perceived by the viewer due to integration of light by the human eye. The specific global boost 
grayscale sequence is shown for pixel values 1- 16 to Illustrate the combination of using binary and ternary bit-planes, 
with it being understood that this pattern repeats to achieve the other pixel values 17 - 255 using combinations of the 

40 binary and ternary bits as shown. 

Referring now to Figure 4, there Is shown at 30 a tjlock diagram of the preferred embodiment of the present Inven- 
tion. System 30 Is conventional, with the exception of the additional global-reset light tjoost bit processing logic 32 con- 
verting the typical 8-bit binary data into 7 bits, some bits being binary and some being ternary, that is. having tri-state 
values due to the temporat-spatial multiplexing according to the present invention. The PWM Control Sequencer 33 

45 reweights display on-times of ternary bits. Logic 32 is seen to output the 7 bits of pixel data for each of the 3 colors, 
namely, red, green and blue for a total of 21 bits for each frame of video data to be displayed. Logic 32 outputs these 
bits as a function of input signals that spatially identify the pixels on the DMD, namely, the row count signal ROWCNT 
which indicates which row a particular pixel is in, the column count signal COLUMNCNT which identifies which column 
the particular pixel is in. and a FR/VME 1/2 signal which alternates between a logic 0 and a logic 1. Signal FRAME 1/2 

50 indicates whether frame one or frame two is associated with tiie particular data being formatted into tiie bit-planes. 
Referring back to Figure 2. for instance, for pixel 20. identified as being in column 1 , row 1 , whether frame one and 
frame two is identified with the data. If. for instance, a pixel value of 1 is to be displayed on pixel 20. logic 32 will load a 
2 value into bit B1 for frame one. as identified by a logic low on the signal line FRAME 1/2. but will load a value of 0 for 
bit B1 for frame two, identified as a logic high on FRAME 1/2. The signal provided on signal line FRAME 1/2 thus alter- 

55 nates between a logic 0 and a logic 1 In synchronism with the frames of RGB video input into system 30. 

As another example, if a digital value of 3 is to be displayed on a pixel identified at 22 in Figure 2. a value of 0 will 
be applied to bit B2 for frame one, with a value of 6 being applied to bit B2 during frame two. Thus again logic 32 deter- 
mines for a particular pixel what values are loaded into the DMD for each of frame one and frame two, continuously as 
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video data is displayed, as a function off where a particular pixel spatially is by row, cdumn, and temporally by frame. 

Also seen in Figure 4 is that 24-bit RGB data is input into system 30 from the video source, and the degamma fitter 
34 gives a 24-bit output which is necessary for emulating CRT response on a DMD. Filter 34 includes a spatial contour- 
ing filter to reduce any low-level graycode 8-bit quantization artifacts. The RGBW processing logic 36 utilizes the 3 

5 unused bits to insert the W data and perform any necessary processing, such as hue con-ection, on the 24-bit RGB 
data. The resulting 3-bit W output is an output to the DMD formatting function. 

The 24-bits from the RGBW processing logic 36 are input to the global-reset light boost logic 32. The global-reset 
light boost logic block 32 only performs the spatial-temporal multiplexing on bits B1 and B2 and eliminates bit BO entirely 
for the embodiment of Table 2A and Figure 2, and performs the spatial-temporal multiplexing on bits B2 and B3, elimi- 

10 nating bit-plane B1 for the embodiment of Table 2B and shown in Figure 3. The resulting 21 -bit output is an input to the 
DMD data formatting logic 38. 

The formatting logic 38 puts the data into bit-pilane format, and stores it in the double-buffered frame memory 40. 
At each frame t)Oundary, tine memories are swapped. Thus, one bank off memory is read and the otiier loaded continu- 
ously during each frame. The light fcioost is accompRshed by the global-reset light boost logic 32 whtoh implements the 

75 schemes shown in Figure 2 and in Figure 3. Only 21 bit-planes are required, 7 for each cdor, to display RGB data using 
the present invention. Hius. 3 bit-planes are used for RGBW. 

Refferring now to Figure 5, in view of Figure 1 . there is illusti-ated the light boost achieved using the embodiment of 
Table 2B and Figure 3, whereby the two deadtimes are eliminated by eliminating bit-plane B1 and re-weighting bit-plane 
B3 to an increased weight. As shown, there is ample time to load bit-plane data while displaying each bit-plane. The 

20 short bit-plane BO is displayed just before a spoke to take advantage of tfie spoke deadtime. The other short bit-plane 
B2 (not shown) is displayed just before the other spoke identified with tiie other red segment (2 red segments on tiie 6 
segment wheel) to take advantage of that deadtime. Bit-plane B3 is now fong enough to avoid generating a deadtime. 
Figure 5 illustrates the light boost of 10%. 

While the present invention has been shown to be used to gel 8-bits of grayscale resolution using 7 bit-planes, the 

25 present invention may be applied to higher or lower order bits to get a light fc>oost. The usage of bit-plane B1 and B2 as 
described in refference to Table 2A in Rgure 2. or to the usage bit-planes B2 and B3 as used in reference to Table 2B 
in Figure 3. is not the only possibility of performing global-reset light boost, and other temporal-spatial multiplexing is 
broadly intended to be covered by the present invention. More or less tiian 8-bils per color can be used, with tiiis inven- 
tion still being implemented and a light boost achieved. 

30 Though the invention has been described with respect to a spedffic prefen-ed embodiment, many variations and 
modifications will become apparent to those skilled in tiie art upon reading the present application. It is tiierefore tiie 
intention that tiie appended claims be interpreted as broadly as possible in view of the prior art to include all such var- 
iations and modifications. 

35 Claims 

1 . A metiiod of displaying digital video data using pulse wkitii modulation, which method comprising tiie steps off: 

apportioning bit times within a video frame time using pulse width modulation; 
40 converting said digital video data Into a plurality of time-weighted bits, said bits being otiier than purely binary 

weighted; and 

displaying said bits to form a first frame of video data. 

2. The method as specified in Claim 1 further comprising the step of: 

45 

performing spatial-temporal multiplexing on a first bit and a second said bit to form gray scales as a function of 
a value of said digital video data to be displayed. 

3. The method as specified in Claim 2 comprising the step of performing said spatial-temporal multiplexing on a first 
so bit and a second said bit by alternately loading said first bit and said second bit every two said displayed frames of 

video data. 

4. The method as specified in Claim 3 comprising the step of using n-1 said bits for each color displayed to achieve 
2^ gray shades of each said color displayed. 

55 

5. The method as specified in Claim 1 comprising the step of using ternary bits to display said frame of video data. 
6- The metiiod as specified in Claim 4 further comprising tiie step of inserting a bit of white data for each color dis- 
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played. 

7. A system displaying digital video data using pulse width modulation, comprising: 

means for apportioning bit times within a video frame time using pulse width modulation; 

a logic circuit converting said digital video data into a plurality of time-weis(hted bits, said bits being other than 

purely binary weighted; and 

a spatial light modulator for displaying said bits to form a first frame of video data. 

8. The system as specified in Claim 7 wherein said logic circuit performs spatial-temporal multiplexing on a first bit and 
a second bit to form gray scales as a function of a value of said digital video data to be displayed. 

9. The system as specified in Gaim 7 or Claim 8 wherein said logic circuit performs spatial-temporal multiplexing on 
a first bit and a second bit by alternately loading said first bit and said second bit every two displayed frames of 
video data. 

10. The system as specified in Qaim 9 wherein said logic circuil provides n-1 bits for each color displayed to achieve 
2" gray shades for each said color displayed. 

11. The system as specified in Qaim 7 wherein said logic circuit provides ternary bits to display said frame of video 
data. 

12. The system as spec'rfied.in Qaim 10 wherein said logic circuit provides a bit of white data for each said color dis* 
played. 
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